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We investigate the scaling behavior in the statistical properties of Barkhausen noise in ferromag-
netic films. We apply the statistical treatment usually employed for bulk materials in experimental
Barkhausen noise time series measured with the traditional inductive technique in polycrystalline
ferromagnetic films having different thickness from 100 up to 1000 nm, and investigate the scaling
exponents. Based on this procedure, we can group the samples in a single universality class, char-
acterized by exponents τ ∼ 1.5, α ∼ 2.0, and 1/σνz ∼ ϑ ∼ 2.0. We interpret these results in terms
of theoretical models and provide experimental evidence that a well-known mean-field model for
the dynamics of a ferromagnetic domain wall in three-dimensional ferromagnets can be extended
for films. We identify that the films present an universal three-dimensional magnetization dynam-
ics, governed by long-range dipolar interactions, even at the smallest thicknesses, indicating that
the two-dimensional magnetic behavior commonly verified for films cannot be generalized for all
thickness ranges.
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I. INTRODUCTION
The magnetization dynamics and the magnetic prop-
erties of systems with reduced dimensions have been ex-
tensively studied in the recent past due to their techno-
logical relevance in a wide variety of magnetic devices.
Within the several investigated effects, the Barkhausen
noise (BN) appeared as one of the most usefull tools to
obtain information on the dynamics of magnetic domain
walls on the mesoscale [1, 2], and even to probe the local
energetics at the nanoscale [3].
The BN is produced by sudden and irreversible changes
of magnetization, due to the irregular motion of the do-
main walls (DWs), as a result of the interactions with
distributed pinning centers, such as defects, impurities,
dislocations, and grain boundaries [4–8]. In recent years,
this effect has also attracted a growing interest as one
of the best examples of response of a disordered system
exhibiting crackling noise, whose critical dynamics ex-
hibits random pulses (or avalanches) with scale invari-
ance properties, power-law distributions, and universal
features [6, 9–11].
In traditional BN inductive experiments, one detects
several sets of time series of voltage pulses by a sens-
ing coil wound around a ferromagnetic material sub-
∗ Electronic address: felipebohn@ect.ufrn.br
mitted to a slow-varying magnetic field [4–6, 12]. Due
to its stochastic character, BN analysis usually consists
in the evaluation of the statistical properties of these
time series. The statistical functions are in general well
described, as said, by power-laws, with critical expo-
nents directly comparable to the predictions of theoreti-
cal models. In particular, it has been verified they exhibit
universality, i.e., the exponents are independent on the
microscopic details of the dynamics, being controlled only
by general properties such as the system dimensionality
and the range of the relevant interactions [13].
In bulk materials, such as thin ribbons, sheets, and
thick films, there is a well established and consistent in-
terpretation of the BN statistical properties [14]. The
traditional noise statistics includes statistical functions
as the distributions of avalanche sizes and durations, the
average size of an avalanche as a function of its dura-
tion, and the power spectrum, which, typically, display
scaling in a quite large range, with critical exponents τ ,
α, 1/σνz, and ϑ, respectively [5]. In the limit of van-
ishing magnetic field rate, these experimental exponents
agree with theoretical predictions calculated for three-
dimensional systems [15–18]. Two different universality
classes are found to exist, according to the range of in-
teractions governing the DWs dynamics: (i) long-range,
as in polycrystalline or partially crystallized amorphous
alloys, due to long-range dipolar interactions, with τ =
1.50±0.05, α = 2.0±0.2 and 1/σνz ∼ ϑ ∼ 2 [14], and (ii)
short-range, as in amorphous alloys, governed by short-
2range elastic interactions of the DW, with τ = 1.27±0.03,
α = 1.5± 0.1 and 1/σνz ∼ ϑ ∼ 1.77 [14].
For ferromagnetic thin films, very important for nanos-
tructured magnetic devices, the interpretation of the sta-
tistical properties is not so well established, due to several
theoretical and experimental difficulties, even considering
the recent relevant reports found in literature [19–29]. On
the theoretical side, the complexity of the magnetic do-
mains and variety of DWs in films make the complete
description of the system and the analysis of the dynam-
ics a hard task [30, 31]. On the experimental side, most
of the experimental works reported so far made use of
magneto-optical techniques, which restrict the analysis to
avalanches sizes, and have problems in determining the
correct statistical distributions as the presence of a finite
observation window splits large avalanches in pieces [32].
Although these techniques provide a considerable gain
in resolution in comparison with inductive techniques,
we must note that the probed depth of the material is
around 10 nm [21] due to the limited penetration depth
of the visible light in metals, limiting the study to the
magnetic properties of the film surface. In all cases, the
exponents τ measured for films are found smaller than for
bulk samples. This leads to the conclusion that below
50 nm, the magnetization dynamics is essentially two-
dimensional, as expected due to reduced thickness of the
studied samples [19–29]. However, due to the restrict and
insufficient amount of experimental data, the structural
character and film thickness influence on the exponents
is an open question and a complete comprehension of the
DWs dynamics in films is still lacking.
In this paper, we report an experimental indication for
an universal three-dimensional magnetization dynamics,
governed by long-range dipolar interactions, in Permalloy
polycrystalline ferromagnetic films down to 100 nm, de-
spite large variations in the macroscopic magnetic prop-
erties. We systematically investigate the scaling behavior
of Barkhausen noise time series measured with the tra-
ditional inductive method. In particular, we perform a
statistical analysis which includes, besides the distribu-
tion of Barkhausen avalanche sizes usually obtained for
films, the distribution of avalanche durations, the average
avalanche size as a function of its duration, and the power
spectrum, and determine the exponents τ , α, 1/σνz, and
ϑ. Their values are all in quantitative agreement with the
theoretical exponents predicted in the case of a three-
dimensional dynamics of a ferromagnetic domain wall,
with long-range dipolar interactions dominating the dy-
namics, even at the smallest thicknesses. We conclude
that inductive measurements are an essential tool to in-
vestigate the magnetization dynamics in thin films, and
that the usually observed two-dimensional magnetic be-
havior cannot be generalized for all ferromagnetic films.
II. EXPERIMENT
For the study, we perform Barkhausen noise measure-
ments in a set of Permalloy ferromagnetic films with nom-
inal composition Ni81Fe19 and thicknesses of 100, 150,
200, 500, and 1000 nm. The films are deposited by mag-
netron sputtering onto glass substrates, with dimensions
10 mm × 4 mm, covered with a 2 nm thick Ta buffer
layer. The deposition process is carried out with the
following parameters: base vacuum of 1.5 ·10−7 Torr, de-
position pressure of 5.2 ·10−3 Torr with a 99.99% pure Ar
at 20 sccm constant flow. The Ta layer is deposited using
a DC source with current of 50 mA, while the Permal-
loy layer is deposited using a 65 W RF power supply.
During the deposition, the substrate moves at constant
speed through the plasma to improve the film uniformity.
Sample thicknesses are calibrated using x-ray diffraction,
which also confirms the polycrystalline character of all
films. In order to induce a magnetic anisotropy and de-
fine an easy magnetization axis, a constant magnetic field
of 1 kOe is applied along the main axis of the substrate
during the film deposition. Quasi-static magnetization
curves are obtained with a vibrating sample magnetome-
ter, measured along and perpendicular to the main axis
of the films, in order to verify the magnetic behavior.
The Barkhausen noise time series are recorded us-
ing the inductive technique in an open magnetic circuit.
This technique, although widely used to characterize bulk
samples, is not commonly applied to investigate the BN
in films mainly due to the low BN signal intensity. In
our setup, sample and pickup coils are inserted in a long
solenoid with compensation for border effects, to ensure
an homogeneous applied magnetic field on the sample.
The solenoid is feed by a BOP20-20 Kepco bipolar power
supply/amplifier, with a low-pass filter, controlled with a
DS345 Stanford Research Systems waveform generator.
The sample is driven by a 50 mHz triangular magnetic
field, applied along the main axis, with an amplitude high
enough to saturate it magnetically. BN is detected by a
sensing coil (400 turns, 3.5 mm long, 4.5 mm wide, and
1.25 MHz resonance frequency), wound around the cen-
tral part of the sample. A second pickup coil, with the
same cross section and number of turns, is adapted in
order to compensate the signal induced by the magnetiz-
ing field. The Barkhausen signal is then amplified and
filtered with a SR560 Stanford Research Systems low-
noise preamplifier, and finally digitalized using a PCI-
DAS4020/12 Measurement Computing analog-to-digital
(A/D) converter board. All BN measurements are per-
formed under similar experimental conditions: 100 kHz
low-pass filter set in the preamplifier and signal acquisi-
tion with sampling rate of 4 million samples per second.
The time series are acquired just around the central part
of the hysteresis loop, near the coercive field, where the
domain wall motion is the main magnetization mecha-
nism [4, 8, 16].
The noise statistical analysis is performed following
the procedures discussed in detail in Refs. [1, 14, 33, 34].
3Thus, a careful use of the Wiener deconvolution [1], which
optimally filters the background noise and removes dis-
tortions introduced by the response functions of the mea-
surement apparatus in the original voltage pulses, pro-
vides us reliable statistics despite the reduced intensity
of the signal. A threshold value vr is introduced to prop-
erly define the beginning and end of each Barkhausen
avalanche: the avalanche duration (T ) is thus estimated
as the time interval between these two successive intersec-
tions of the signal with vr, while the avalanche size (s) is
calculated as the integral of the signal between the same
points. For each experimental run, the statistical prop-
erties are obtained from 150 measured Barkhausen noise
time series, by averaging the distributions over a 105−106
avalanches. Here, a wide statistical analysis is obtained,
including the distributions of Barkhausen avalanche sizes
(P (s)) and durations (P (T )), the average avalanche size
as a function of its duration (〈s(T )〉 vs. T ), and the power
spectrum (S(f)).
Having established a sophisticated method of extrac-
tion of the BN avalanches and obtained the noise statis-
tics, the analysis of the statistical properties is done with
the software BestFit [35], which is a simple python script
to perform data fitting using nonlinear least-squares min-
imization. The software may be applied to many multi-
variable problems, fitting experimental data to theory
functions. We observe that the measured P (s), P (T ),
and 〈s(T )〉 vs. T avalanche distributions follow a cuttoff-
limited power-law behavior and they can be, respectively,
fitted as [36]
P (s) ∼ s−τe−(s/s0)
ns
, (1)
P (T ) ∼ T−αe−(T/T0)
nT
, (2)
〈s(T )〉 ∼ T 1/σνz
(
1
1 + (T/T0)nave(1/σνz−1)
)1/nave
, (3)
where s0 and T0 indicate the position where the function
deviates from the power-law behavior, and ns, nT , and
nave are fitting parameters related to the shape of the
cutoff function. Here, BestFit allows us to fit them at
the same time, respecting a well-known scaling relation
between the exponents [16, 37],
α = (τ − 1)1/σνz + 1. (4)
We observe that the measured S(f) also follows a power-
law behavior at the high frequency part of the spectrum
and it can be described by [38]
S(f) ∼ f−ϑ. (5)
Although the power spectrum has not been considered
for the fitting procedure, we confirm the theoretical pre-
diction of 1/σνz = ϑ, indicating that the same scaling
exponent can be employed for the relation between the
average avalanche size and its duration as well as for the
power spectrum at high frequencies [39, 40]. In particu-
lar, it is verified that the respective scaling exponents τ ,
α, 1/σνz, and ϑ are independent of the threshold level,
at least for a reasonable range of vr.
III. RESULTS AND DISCUSSION
We first characterize the films from the structural and
quasi-static magnetic point of view. The latter reveals
a significant change in the macroscopic magnetic prop-
erties (hysteresis loops, coercive fields, etc). In contrast,
the microscopic magnetization dynamics described by the
scaling of Barkhausen noise appears to be universal, with
a three-dimensional character, and dominated by long-
range interactions.
A. Structural and quasi-static magnetic
characterization of the films
While low angle x-ray diffraction is employed to cali-
brate the film thickness, high angle x-ray diffraction mea-
surements are used to verify the structural character of
the samples. Figure 1 shows the high angle x-ray diffrac-
tion pattern for the film with thickness of 1000 nm. Sim-
ilar results are obtained for the different thicknesses. In
this case, the pattern clearly indicates the polycrystalline
state, assigned by the well defined and high intensity
(111) and (200) Permalloy peaks, identified at 2θ ∼ 44.2◦
and 2θ ∼ 51.5◦, respectively.
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FIG. 1. (Color online) High angle x-ray diffraction pattern
for the Permalloy film with thickness of 1000 nm. The (111)
and (200) Permalloy peaks are identified at 2θ ∼ 44.2◦ and
2θ ∼ 51.5◦, respectively, confirming the polycrystalline state
of the film.
Magnetic characterization is obtained through mag-
netization curves. Figure 2(a-e) shows the quasi-static
magnetization curves, obtained with the in-plane mag-
netic field applied both along and perpendicular to the
4main axis of the films. Below 150 nm, the angular depen-
dence of the magnetization curves indicates an uniaxial
in-plane magnetic anisotropy, induced by the magnetic
field applied during the deposition process. At larger
thicknesses, the curves exhibit isotropic in-plane mag-
netic properties, with an out-of-plane anisotropy contri-
bution. This behavior is related to the stress stored in the
film and/or to a columnar microstructure as the thick-
ness is increased.
The change of the magnetic behavior is usually associ-
ated to a competition between the planar demagnetiza-
tion energy, the columnar shape anisotropy energy, mag-
netoelastic energy and the domain wall energy [41]. For
the thinnest films, the magnetic field applied during the
deposition and the planar demagnetization energy term
are the main responsibles for the uniaxial and in-plane
magnetic anisotropy [41]. For the thickest films, the in-
plane anisotropy is obscured by the local stress stored
in the film as the thickness increases. It is verified that
the film columnar growth, due to oblique incidence of
the sputtered particles, can also be responsible for cre-
ating an effective out-of-plane perpendicular magnetic
anisotropy contribution [42–45]. Similar dependence of
the magnetic behavior with the film thickness has been
already observed and discussed in details in Refs. [46–50].
This evolution of the magnetization curves can also
be verified through the thickness dependence of the co-
ercive field Hc, saturation field Hs, and the normalized
remanent magnetizationMr/Ms, obtained from the mag-
netization curves measured along the main axis of the
films, as shown in Fig. 2(f). The low value of Hc for the
thinnest films is mainly related to the uniaxial anisotropy
and the existence of pinning centers for the DWs due to
the surface irregularities [51]. The DWs motion is here
the main magnetization mechanism, as confirmed by the
almost constant values of Hs and Mr/Ms. On the other
hand, as the thickness increases, the initial increase of Hc
is attributed to the formation of stress centers in the bulk
of the samples during the growth process [51]. The fur-
ther decrease is related to the higher contribution of the
magnetization rotation to magnetization process, due to
the perpendicular anisotropy. This contribution is also
responsible for the loss of the square shape of the mag-
netization curves, resulting in a considerable increase of
Hs and a drastic decrease of Mr/Ms.
B. Barkhausen noise and statistical properties
Figure 3 shows representative examples of experimen-
tal Barkhausen noise time series measured in the Permal-
loy films with thicknesses between 100 and 1000 nm. As
expected, the times series are composed of discrete and ir-
regular avalanches, related to the sudden and irreversible
changes of magnetization, a signature of the complex and
jerky motion of the domain walls in the ferromagnetic
films during the magnetization process.
When compared to the BN measured in bulk materials,
the visual inspection of the time series acquired in films
reveals important features: the Barkhausen avalanches
appear as sharper peaks, with lower amplitudes, and with
shorter durations. This behavior is verified through the
distributions, where the values of avalanche sizes (from
∼ 5 · 10−13 Wb up to ∼ 1 · 10−11 Wb) and durations
(from ∼ 1 · 10−5 s up to ∼ 5 · 10−4 s) are some orders of
magnitude lower than that obtained for bulk samples [5].
Figures 4 and 5 show the distributions of Barkhausen
avalanche sizes and durations, respectively, obtained for
the Permalloy films with different thicknesses. In partic-
ular, the distributions follow a cutoff-limited power-law
scaling behavior for all films and it can be fitted using Eq.
(1) for the avalanche sizes, and Eq. (2) for the durations.
Thus, already from these figures, it is possible to note
that the results can be grouped in a single universal-
ity class. First of all, for the distributions os avalanche
sizes, the exponents are found to be τ ∼ 1.50, within
the experimental statistical error, for all Permalloy films.
Next, for the distributions of avalanche durations, the ex-
ponents are found to be α ∼ 2.0, for the very same films
for all thicknesses, despite the small fluctuations due to
the limited range of scaling and presence of unavoidable
excess external noise at low duration for some samples
with lower BN signal amplitude.
When considered the average avalanche size as a func-
tion of its duration and the power spectrum, the results
can be also grouped in just one universality class. Figure
6 shows the curves of the average size of an avalanche as a
function of its duration obtained from the very same BN
times series. Similarly, this statistical function presents a
cutoff-limited power-law behavior that can be fitted us-
ing Eq. (3). At least for the range of small durations, the
power-laws are well described by exponents 1/σνz ∼ 2.0
for all Permalloy films. The scaling relation between the
average avalanche size to its duration is known as a ro-
bust quantity [38], becoming the most reliable test to
identify the universality class of a given signal, since the
exponent 1/σνz is not influenced by problems of non-
stationarity [38] and rate effects [5].
On the other side, Fig. 7 shows the power spectrum
obtained for the same time series. Despite the more com-
plex shape, a power-law behavior is observed in the high
frequency part of the power spectrum and it can be de-
scribed by Eq. (5). Although the thinner films present a
restricted range of frequency where this behavior is ver-
ified, the exponent ϑ ∼ 2.0 seems to decribe the scaling
behavior very well for all films. Remarkably, this fact is
in agreement with the previously shown theoretical pre-
diction of 1/σνz = ϑ, indicating that the same scaling
exponent can be employed for the relation between the
average avalanche size and its duration as well as for the
power spectrum at high frequencies [39, 40].
In this study, we estimate the scaling exponents by
fitting the experimental BN statistical properties using
the software Bestfit [35]. The results of the fits for the
exponents are reported in Table I and also shown in
Figs. 4-6. At a first moment, we determine the values
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FIG. 2. (Color online) (a-e) Normalized quasi-static magnetization curves for the Permalloy films with different thicknesses,
obtained with the in-plane magnetic field applied along (‖) and perpendicular (⊥) to the main axis of the films. The change
of magnetic behavior is observed in the thickness range between 150 and 200 nm. (f) Coercive field Hc, saturation field Hs,
and normalized remanent magnetization Mr/Ms, obtained from the magnetization curves measured along the main axis, as a
function of the film thickness.
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FIG. 3. Experimental Barkhausen noise time series measured
in the Permalloy films having different thickness.
of τ , α and 1/σνz independently by fitting P (s), P (T ),
and 〈s(T )〉 vs. T separately, as usually performed to anal-
yse the BN statistical properties. The exponents values
obtained following this procedure are close to the ones
shown in the table. However, here, we determine the
three critical exponents presented in Table I by jointly fit-
ting the distributions. By fitting them at the same time,
the scaling relation between the exponents, Eq. (4), is
respected. Moreover, this scaling relation is also exper-
imentally verified throught the agreement between the
fittings and experimental results.
TABLE I. Values of τ , α and 1/σνz exponents for the exper-
imental distributions measured for Permalloy polycrystalline
ferromagnetic films with thicknesses of 100, 150, 200, 500, and
1000 nm. The fits of P (s), P (T ), and 〈s(T )〉 vs. T were per-
formed simultaneously using Eqs. (1), (2) and (3), respecting
the scaling relation between the exponents τ , α, and 1/σνz,
Eq. (4).
Thickness (nm) τ α 1/σνz
100 1.51± 0.03 1.99 ± 0.06 1.95 ± 0.04
150 1.49± 0.03 1.99 ± 0.06 2.04 ± 0.04
200 1.49± 0.02 1.94 ± 0.04 1.91 ± 0.03
500 1.45± 0.02 1.94 ± 0.05 2.09 ± 0.05
1000 1.40± 0.04 1.85 ± 0.07 2.13 ± 0.05
By considering the set of scaling exponents of the BN
statistical properties in the Permalloy films, it is possible
to obtain very interesting information. The first point
resides in the fact that the similar values for τ , α, 1/σνz,
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FIG. 4. (Color online) Distributions of Barkhausen avalanche
sizes measured for the Permalloy films with different thick-
nesses. The solid lines are cutoff-limited power-law fittings
obtained using Eq. (1). The best fit τ exponents are given in
Table I. For all Permalloy films of the set, the fittings have
exponent τ ∼ 1.5.
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FIG. 5. (Color online) Distributions of Barkhausen avalanche
durations measured for the Permalloy films with different
thicknesses. In this case, the solid lines are cutoff-limited
power-law fittings obtained using Eq. (2). The best fit α
exponents are given in Table I. For all Permalloy films, the
fittings have exponent α ∼ 2.0.
and ϑ are observed for all Permalloy films, being appar-
ently independent on the film thickness, at least at this
whole range of thickness.
As the second interesting point, when compared films
with distinct thicknesses, the exponents present similar
values despite the expected increase of the whole sample
complexity with thickness, and the strong modification
of the magnetic properties observed in the magnetiza-
tion curves in the thickness range between 150 and 200
nm. The noticeable stability of the exponents with the
film thickness, altough not expected due to the strong
modifications of the magnetic properties and magnetic
structure with thickness, agrees with the theoretical pre-
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FIG. 6. (Color online) Average avalanche size as a function of
its duration for the Permalloy films with different thicknesses.
The solid lines are cutoff-limited power-law fitting obtained
using Eq. (3). The best fit 1/σνz exponents are given in
Table I. For all Permalloy films, the fitting have exponent
1/σνz ∼ 2.0.
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FIG. 7. (Color online) Power spectrum measured for the very
same Permalloy films. To guide the eyes, the solid line are
power-laws with slopes ϑ = 1/σνz, being 1/σνz the best fit
exponents given in Table I. For all Permalloy films, the power-
laws have exponent ϑ ∼ 2.0.
diction of the invariance of the exponents with respect to
the increasing number of defects [52], which in our case
is associated to the film thickness, and corroborates the
fact that the exponents are universal, i.e., independent
of the microscopic details of each sample.
As third point, the most strinking finding resides ba-
sically in the actual values of the scaling exponents. We
can group the Permalloy films in an universality class
characterized by exponents τ ∼ 1.5, α ∼ 2.0, and
1/σνz ∼ ϑ ∼ 2.0.
The exponent τ verified here is completelly different of
the ones found in several experimental works, obtained
with magneto-optical techniques, for films, in particu-
lar, polycrystalline films, τ ∼ 1.3 [19, 20, 22–26, 29]. In
7general, the reported experimental results indicate that
the exponent τ for films is smaller with respect to the
ones obtained for bulk samples [19–29], indicating a two-
dimensional magnetic behavior. However, in our case,
the exponents τ , α, 1/σνz, and ϑ present similar val-
ues to the ones obtained for several bulk polycrystalline
magnetic materials, τ = 1.50 ± 0.05, α = 2.0 ± 0.2 and
1/σνz ∼ ϑ ∼ 2 [14], suggesting a three-dimensional mag-
netization dynamics even at the smallest thicknesses.
To interpret the BN results with the estimation of sev-
eral scaling exponents and make sure that the comparison
between theoretical predictions and experimental results
is meaningful, it is necessary a careful examination of
the assumptions of the models found in literature [14–
18, 30, 31]. Here, it is important to notice that the expo-
nents measured for the Permalloy films are in quantita-
tive agreement with the exponent values predicted by the
mean-field model for the dynamics of a ferromagnetic do-
main wall driven by an external magnetic field through a
disordered medium proposed by P. Cizeau, S. Zapperi,
G. Durin, and H. E. Stanley (CZDS model) [15, 16].
CZDS model describes three-dimensional systems with
a DWs dynamics governed by long-range interactions of
dipolar origin and suggests a class with critical exponents
of τ = 1.5, α = 2.0, and 1/σνz = 2. More than values for
the exponents, CZDS model also predicts rate-dependent
exponents P (s) ∼ s−(3/2−c/2), and P (T ) ∼ T−(2−c),
where c is proportional to the driving field rate, i.e., field
frequency. In particular, rate-dependent τ and α, while
1/σνz and ϑ constant critical exponents have already
been verified and previously reported in Ref. [1].
Considering the BN experimental results obtained in
the Permalloy polycrystalline ferromagnetic films with
different thicknesses, they not just provide experimental
evidence that the CZDSmodel [15, 16] can be extended to
describe the BN statistical properties in films with three-
dimensional magnetization dynamics, but the scaling ex-
ponents for the films also corroborate the universality
class of polycrystalline and partially crystallized amor-
phous alloys, related to a DWs dynamics governed by
long-range dipolar interactions, as proposed in Ref. [14].
Hence, the results do not imply the existence of a new
universality class in the Barkhausen noise. Since the
films are thinner than polycristalline ribbons known to
exhibit mean-field behavior [14], but thicker than pre-
viously studied two-dimensional films [19–29], we inter-
pret the results as a clear indication that the Permalloy
polycrystalline ferromagnetic films, within the range of
thickness between 100 and 1000 nm, present a typical
and universal three-dimensional magnetization dynamics
governed by long-range interactions of dipolar origin.
IV. CONCLUSION
In summary, in this paper we perform a systematic
study of the Barkhausen noise statistical properties in
ferromagnetic films. By applying the traditional statis-
tical treatment employed for bulk materials, we analyse
the scaling behavior in the distributions of Barkhausen
avalanche sizes, distributions of avalanche durations, av-
erage size of an avalanche as a function of its dura-
tion, and power spectrum, obtained from experimen-
tal Barkhausen noise time series measured in Permal-
loy polycrystalline ferromagnetic films having different
thickness from 100 up to 1000 nm. We investigate the
experimental exponents τ , α, 1/σνz, and ϑ and com-
pare the experimental results and theoretical predictions
found in literature in order to obtain further information
on the DWs dynamics in systems with reduced dimen-
sions and understand the role of structural character and
film thickness on the scaling behavior in the BN statisti-
cal properties in ferromagnetic films.
Through the results obtained with this wide statistical
analysis, we can group the Permalloy films in a single
universality class, characterized by exponents τ ∼ 1.5,
α ∼ 2.0, and 1/σνz ∼ ϑ ∼ 2.0. Thus, the exponents
directly provide experimental evidence that the CZDS
model [15, 16] for the dynamics of a ferromagnetic do-
main wall driven by an external magnetic field through a
disordered medium proposed can be extended for films.
These results correspond to a step to understand the
complex DWs motion in films and the effects of the sys-
tem dimensionality and range of the interactions in the
dynamics. We identify an universal three-dimensional
magnetization dynamics governed by long-range dipo-
lar interactions for the films, even at the smallest thick-
nesses, revealed by the quantitative agreement between
the experimental results and its well-known predictions
for bulk polycrystalline magnets. We emphasize that
not only the τ value usually obtained when magneto-
optical techniques are employed, but all the exponents τ ,
α, 1/σνz, and ϑ directly indicate that the studied films
present a typical three-dimensional magnetic behavior.
Due to the large difference between the results pre-
sented here and the ones previously reported for films, we
understand that the two-dimensional magnetic behavior
commonly verified for films [19–29], although expected
due to the considered thickenesses, cannot be generalized
for all thickness ranges. Here, we present part of our ef-
forts devoted to the comprehension of the BN statistical
properties in ferromagnetic films. Considering this fact,
in order to obtain a complete general framework of the
BN statistical properties in films in a wide range of thick-
ness, more experimental studies are needed, not only per-
forming a wide statistical analysis in polycrystalline and
amorphous films in thinner films, but also considering
studies where both inductive and magneto-optical tech-
niques work togheter. These experiments and analyses
are currently in progress.
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